1. Introduction {#sec1}
===============

Oxidative stress initiated by reactive oxygen species (ROS) such as nitric oxide (NO), superoxide anion (${O_{2}}^{-}$), peroxy radical (ROO^•^) and hydroxy radical (^•^OH) has a major role in the pathogenesis of several diseases such as liver cirrhosis, atherosclerosis including cancer.[@bib1] Deficient DNA repair or DNA damage by it is reported to have a prognostic or etiological role in cancer, the disease which is one of the leading causes of death.[@bib2], [@bib3] Chemotherapy is an important choice for the cancer management clinically apart from the utilities of irradiation and surgical operations. Medicinal plants are one of the major sources of chemotherapy drugs in traditional as well as modern systems of medicine throughout the world.[@bib4] Their phytochemicals or extracts have positive effects against cancer as compared with chemotherapy or recent hormonal treatments.[@bib5] The phytochemicals such as flavonoids, alkaloids and terpenes have received major attention in recent years due to their various pharmacological properties including cancer chemopreventive and cytotoxic effects.[@bib6] Flavonoids are among the most widely occurring phytochemicals having antioxidant activity. They scavenge the ROS due to their antioxidant property and prevent carcinogenesis. They are known to have anticarcinogenic or anticancer properties and induce programmed cell death called as apoptosis in several cancer cell lines due to their pro-oxidant property.[@bib7], [@bib8]

The inactivation of enzymes by ROS and the accumulation of oxidized proteins play a critical part in the alteration of cellular function and cell death.[@bib9] Apoptosis plays a crucial role in the normal development and pathology of a wide variety of tissues.[@bib10] Though, most cancer cells do not undergo it due to impairment of apoptotic signal transmission.[@bib11] Triggering it in these cancer cells can therefore, be an effective strategy in anticancer therapy. Many stimuli such as anticancer agents prompt these cells to produce ROS which induces apoptosis.[@bib12], [@bib13]

The medicinal plant *Cordia dichotoma* (Boraginaceae) is practiced in several indigenous systems of medicine and popular among the various ethnic groups in India for the cure of variety of ailments as demulcent, astringent, anthelmentic, diuretic, expectorant and anti-diabetic.[@bib14], [@bib15] Phenolics, flavonoids and carotenoids are mainly present in their leaves which have potent antioxidant activity and can show anticancer activity too.[@bib16], [@bib17], [@bib18] The aim of study was thus designed for the exploration purpose to evaluate anticancer potential and apoptosis inducing effect of methanolic extract of *C. dichotoma* leaves on human prostate carcinoma cell line, and to determine total flavonoid content and antioxidant activity.

2. Materials and methods {#sec2}
========================

2.1. Authentication of collected plant specimen {#sec2.1}
-----------------------------------------------

Plant specimen of *C. dichotoma* Linn was collected from Kukrail forest, Lucknow, Uttar Pradesh, India on midday before fruiting in the month of April from the mature tree and authenticated by Dr. A K S Rawat, Botanist, National Botanical Research Institute, Lucknow, Uttar Pradesh, India (NBRI/CIF/306/2012).

2.2. Preparation of dry extract {#sec2.2}
-------------------------------

Collected leaves of *C. dichotoma* Linn was shade dried and powdered. 250 gm of the powdered material was subjected to continuous Soxhlet extraction by methanol (2.5 L) to get the crude extract. Appearance of colorless methanol (after 12 h of continuous extraction) in the siphon tube was considered as the termination of Soxhlet extraction. Crude extract obtained was filtered and then concentrated to dryness in a rotary evaporator (Buchi Rotavapor-R, Labco, India) under controlled temperature and reduced pressure.[@bib19]

2.3. Instruments and reagents {#sec2.3}
-----------------------------

Microplate reader (BIORAD-680), multiwell micro-plate reader (Synergy H1 hybrid multi-mode microplate reader, BioTek), inverted fluorescent microscope (Nikon Eclipse Ti-S, Japan), CO~2~ incubator (Excella ECO-170, New Brunswick), inverted phase contrast microscope (Nikon Eclipse Ti-S, Japan), fetal calf serum (Himedia), Dulbecco\'s modified Eagle\'s medium (DMEM, Himedia), 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA, Sigma-Aldrich, USA), methyl-thiazolyl-tetrazolium dye (MTT, Himedia), 4′,6-diamidino-2-phenylindole (DAPI, Himedia), Triton X-100 (Merck, India), Phenazine methosulphate (PMS, Himedia), nicotinamide adenine dinucleotide reduced (NADH, Himedia), nitro-blue tetrazolium chloride (NBT, Himedia), 2,4,6-tripyridyl-triazine (TPTZ, Himedia), 2,2-diphenyl-1-picrylhydrazyl (DPPH, Himedia), 2,2-Azinobis (3-ethylenebenzothiazoline-6-sulfonic acid) diammonium salt (ABTS, Himedia).

2.4. Cell line culture {#sec2.4}
----------------------

Human prostate carcinoma cell line, PC3 was obtained from National Centre for Cell Sciences, Pune, India. The cells were cultured in DMEM medium supplemented with 10% (v/v) fetal calf serum, 0.1 mM non-essential amino acids, 2 mM [l]{.smallcaps}-glutamine, 1 mM sodium pyruvate, 1.5 g/l sodium bicarbonate and 1% antibiotic solutions. The cells were grown at 37 °C with 5% CO~2~ in a humidified air.

2.5. Determination of total flavonoid content {#sec2.5}
---------------------------------------------

1 ml of MECD solution (1000 μg/ml) was added into a tube containing 2 ml of double-distilled water. Then, 3 ml of 0.5% sodium nitrite, 0.30 ml of 10% aluminum chloride and 2 ml of 1 M sodium hydroxide were added at 0, 5 and 6 min sequentially. Finally, the volume of reacting solution was adjusted to 10 ml with double-distilled water. It was thoroughly mixed and allowed to stand for 15 min. The absorbance was read at 510 nm against blank sample using UV-spectrophotometer. The flavonoid content was then, obtained from a standard curve prepared with quercetin and expressed in the unit of 'mg of quercetin equivalents per gram of dried extract' (mg QE/g extract). All the determinations were performed thrice.[@bib20]

2.6. Evaluation of antioxidant activity {#sec2.6}
---------------------------------------

### 2.6.1. 2,2-Diphenyl-1-picrylhydrazyl scavenging assay {#sec2.6.1}

MECD was measured in terms of hydrogen donation or radical scavenging ability using the stable radical DPPH, which is purple at room temperature.[@bib21] 5.5 ml of 120 μM DPPH in methanol was added to 0.6 ml of different concentrations of MECD (50--1000 μg/ml) and then incubated in dark at room temperature for 15 min. The absorbance was read at 517 nm against blank sample. Butylated hydroxytoluene (BHT) was used as standard.

### 2.6.2. 2,2-Azinobis-(3-ethylenebenzothiazoline-6-sulfonic acid) radical cation scavenging assay {#sec2.6.2}

The ABTS^•+^ was prepared by reacting 7 mM ABTS solution and 140 mM potassium persulphate solution in the ratio of 5:0.08 and allowing the mixture to stand in the dark at room temperature for 14 h before use. 1 ml of the mixture ABTS^•+^ was added to the separate test tubes containing 50 μl of methanolic solution of MECD (25--1000 μg/ml) and mixed by vortex mixer for 30 s. The absorbance was read at 734 nm against blank sample after 2 min of reaction. BHT was used as standard. The extent of decolorization was calculated as percentage reduction of absorbance.[@bib22]

### 2.6.3. Nitric oxide scavenging assay {#sec2.6.3}

The 200 μl of 25 mM sodium nitroprusside was mixed with 800 μl of MECD (25--1000 μg/ml) dissolved in 25 mM PBS (pH 7.4) in the separate test tubes. The tubes were then, incubated at room temperature for 2 h under normal light exposure. After incubation, the tubes were kept in the dark at room temperature for 30 min. Thereafter, 300 μl of Griess\'s reagent \[1% sulfanilamide in 5% phosphoric acid and 0.1% *N*-(1-naphtyl) ethylenediamine dihydrochloride\] was added to each tube. Absorbance of the chromophore that formed during diazotization of the nitrite with sulfanilamide and subsequent coupling with *N*-(1-naphtyl) naphthylethylenediamine dihydrochloride was immediately read at 546 nm against blank sample. Ascorbic acid was used as standard.[@bib23]

### 2.6.4. Peroxide radical scavenging assay {#sec2.6.4}

The 0.2804 g of linoleic acid and 0.2804 g of Tween 20 were mixed in 50 ml of 0.2 M phosphate buffer (pH 7.0) and homogenized to prepare linoleic acid emulsion. Then, 0.5 ml of methanolic solution of MECD (25--1000 μg/ml) was mixed with 2.5 ml of linoleic acid emulsion and 2 ml of 0.2 M phosphate buffer (pH 7.0) in separate test tubes, and incubated in dark at 37 °C to accelerate the peroxidation process. After incubation, 0.1 ml each of 20 mM ferrous chloride in 3.5% hydrochloric acid and 30% ammonium thiocyanate were added to the mixture for color development. The absorbance was read at 500 nm against blank sample. Ascorbic acid was used as standard.[@bib24]

### 2.6.5. Superoxide radical anion scavenging assay {#sec2.6.5}

The reaction mixture containing 1 ml each of 60 μM PMS, 468 μM NADH and 150 μM NBT (prepared in 0.1 M sodium phosphate buffer with pH 7.4) was mixed with 1 ml of methanolic solution of MECD (25--1000 μg/ml) in separate test tubes.[@bib25] The mixture was then incubated at an ambient temperature for 5 min. The absorbance was read at 560 nm against blank sample. Quercetin was used as standard.

### 2.6.6. Hydroxyl radical scavenging assay {#sec2.6.6}

The reaction mixture containing 3.6 mM 2-deoxy-[d]{.smallcaps}-ribose, 0.1 mM ferric chloride, 0.1 mM ethylenediamine tetraacetate, 0.1 mM ascorbic acid and 1 mM hydrogen peroxide in 25 mM phosphate buffer pH 7.4 was mixed to MECD (25--1000 μg/ml) in separate test tubes to make the total volume upto 1 ml and incubated at 38 °C for 60 min. After incubation, 1 ml each of 1% thiobarbituric acid in 0.05 M sodium hydroxide and 10% trichloroacetic acid were added to the reaction mixture to yield a final volume of 3 ml. It was heated in boiling water bath for 15 min, cooled and the absorbance was read at 532 nm against blank sample. α-tocopherol was used as standard.[@bib26]

Determinations in all the scavenging assays were performed thrice. The percentage scavenging was calculated according to the equation \[% scavenging = {1 − (*A*~T~/*A*~C~)} × 100\], where *A*~C~ is the absorbance value of the control and *A*~T~ is the absorbance value of treated. The plot of % scavenging versus different concentrations of MECD was used to calculate the concentration inhibiting 50% of ROS (IC~50~).

### 2.6.7. Ferric-reducing antioxidant power (FRAP) assay {#sec2.6.7}

0.02 M ferric chloride solution was prepared by adding 1 ml of 1 M hydrochloric acid and dissolving it in 50 ml water. 0.01 M TPTZ solution was prepared in 50 ml 96% ethanol. Fresh FRAP reagent was prepared by mixing 0.3 M acetate buffer, 0.01 M TPTZ and 0.02 M ferric chloride in a volume ratio of 10:1:1. 0.2 ml MECD solution (50--500 μg/ml) and 0.6 ml water were added to 6 ml of the FRAP reagent and the absorbance was read at 595 nm against blank sample after 6 min.[@bib27] BHT was used as standard. All determinations were performed thrice.

2.7. Evaluation of anticancer activity {#sec2.7}
--------------------------------------

### 2.7.1. MTT assay for cytotoxicity in PC3 cells {#sec2.7.1}

PC3 cells (1 × 10^4^) were seeded in 100 μL complete medium in each well of the 96-well culture plate for 24 h at 37 °C and 5% CO~2~ in a humidified air. MECD was dissolved in minimum amount (non-toxic to cells) of DMSO and then diluted to the desired concentrations (25, 50, 75, 100 μg/ml) in the medium and added to the wells with exponentially growing cells in triplicate as per experimental design. After 21 h of treatment, 10 μL of MTT (5 mg/ml of media without phenol red and serum) solution was added in each well and the plate was further incubated for another 3 h at 37 °C until purple formazan crystals developed. Then, the supernatant was discarded from each well and 100 μL of DMSO was added to each well for 10 min at 37 °C. The absorbance was read at 540 nm by a microplate Elisa reader using the wells without MECD as control. All the plates were normally read within 1 h of adding the DMSO. The percent cytotoxicity was calculated according to the equation \[% cytotoxicity = {1 − (*A*~T~/*A*~C~)} × 100\], where *A*~C~ is the absorbance value of the control and *A*~T~ is the absorbance value of treated.[@bib28]

The plot of % cytotoxicity versus different concentrations of MECD was used to calculate the concentration lethal to 50% of the cells (IC~50~). The cellular morphology was also observed by inverted phase contrast microscopy.

### 2.7.2. DAPI staining for analysis of induction of apoptosis {#sec2.7.2}

PC3 cells (1 × 10^4^) were seeded in 100 μL complete medium in each well of the 96-well culture plate for 24 h at 37 °C and 5% CO~2~ in a humidified air. The cells in triplicate were then treated with two different concentrations of MECD (25 and 75 μg/ml) for 12 h. After treatment, extract plus media was removed. The cells were washed with PBS and fixed in 4% paraformaldehyde for 10 min. Subsequently, the cells were permealized with the buffer (0.5% Triton X-100 and 3% paraformaldehyde) and stained with 50 μl of fluorescent nuclear dye DAPI with a final concentration of 1 μg/ml. After 1 h, the cells were observed for the fluorescence intensity and apoptotic cells. The images were captured and number of cells was quantified by using a fluorescent microscope. The percent apoptotic cell was calculated according to the equation \[% apoptotic cell = {(apoptotic cells + late apoptotic cells)/(total no of cells)} × 100\].[@bib29]

### 2.7.3. DCFH-DA staining for analysis of intracellular ROS activity level {#sec2.7.3}

Microscopic fluorescence imaging and quantitative fluorometric analysis were used to analyze ROS generation in PC3 cells exposed to MECD.[@bib30] The cells (1 × 10^4^ per well) were seeded in 96-well culture plates and allowed to adhere for 24 h in a CO~2~ incubator at 37 °C. The cells in triplicate were then treated with two different concentrations of MECD (25 and 75 μg/ml) for 12 h. After treatment, cells were incubated with 10 mM DCFH-DA for 30 min at 37 °C. The mixture was aspirated and replaced by 200 μL of PBS in each well. The plates were kept on a shaker for 10 min at room temperature in the dark. An inverted fluorescence microscope with a CCD cool camera was used to analyze intracellular fluorescence of cells. For quantitative fluorometric analysis, cells (1 × 10^4^ per well) were re-seeded in black bottomed 96-well culture plate and allowed to adhere for 24 h in a CO~2~ incubator at 37 °C. Cells in triplicate were then exposed to two different concentrations of MECD (25 and 75 μg/ml) for 12 h. After exposure, cells were incubated with 10 mM DCFH-DA for 30 min at 37 °C. Fluorescence intensity was measured with a multi-well microplate reader at an emission wavelength of 528 nm and at an excitation wavelength of 485 nm. All the values were expressed as percentage fluorescence intensity relative to the control. Increased intensity of intracellular fluorescence was indicative of increased intracellular ROS activity level.

2.8. Statistical analysis {#sec2.8}
-------------------------

All the data were expressed as mean ± SD of pooled results obtained from three independent experiments. Levels of statistical significance were determined by one-way ANOVA followed by Dunnett\'s using the GraphPad Prism program. P \< 0.05 was considered as statistically significant.

3. Results {#sec3}
==========

Total flavonoid content in MECD was found to be 160 mg QE/g dried extract ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Standard plot for the determination of total flavonoid content in methanolic extract of *C. dichotoma* leaves.Fig. 1

Antioxidant activity of MECD was found to be increasing in dose dependent manner. IC~50~ values for the scavenging by BHT and MECD were found to be 37.2 and 315.5 μg/ml respectively in DPPH scavenging assay, 14 and 38 μg/ml respectively in ABTS^•+^ scavenging assay ([Fig. 2](#fig2){ref-type="fig"}). IC~50~ values for the scavenging by ascorbic acid and MECD were found to be 212 and 476 μg/ml respectively in nitric oxide scavenging assay, 184 and 523 μg/ml respectively in peroxy radical scavenging assay. IC~50~ values for the scavenging by quercetin and MECD were found to be 23 and 197 μg/ml respectively in superoxide anion scavenging assay. IC~50~ values for the scavenging by tocopherol and MECD were found to be 20 and 82 μg/ml respectively in ^•^OH radical scavenging assay. The IC~50~ values of MECD in all scavenging assays were always higher than the corresponding standard used indicative of lesser antioxidant activity compared to the standard. Total ferric-reducing antioxidant power of MECD in FRAP assay was found to be increasing in dose dependent manner and 0.34 times that of BHT at the concentration of 300 μg/ml ([Fig. 3](#fig3){ref-type="fig"}).Fig. 2(**A**) Percentage of DPPH-scavenging, and (**B**) percentage of ABTS^•+^-scavenging, by different concentrations of methanolic extract of *C. dichotoma* leaves and different standards.Fig. 2Fig. 3(**A**) Percentage of nitric oxide (NO), peroxy radical (ROO^•^), superoxide radical anion ($O_{2}^{\bullet -}$), hydroxy radical (^•^OH) scavenging, and (**B**) Ferric-reducing antioxidant power, FRAP, by different concentrations of methanolic extract of *Cordia dichotoma* leaves (MECD) and different standards.Fig. 3

MTT assay for cytotoxicity in PC3 cells demonstrated the anticancer effect of extract MECD in prostate carcinoma, PC3 cell line. It was found that morphological shapes of the cells were drastically changed in dose dependent manner. Photomicrographs ([Fig. 4](#fig4){ref-type="fig"}) clearly revealed that cells were detaching themselves from the surface and changing to round in shape in the treatment groups. Significant cell death was also observed which was characterized by surface detachment, cellular shrinkage and deformation of cell bodies at higher concentrations. From the sigmoidal curve obtained, IC~50~ value was found to be 74.5 μg/ml of the extract MECD. Supplementary photomicrographs ([Fig. 5](#fig5){ref-type="fig"}) depict the details of MECD induced nuclear apoptosis observed by using fluorescent DAPI staining. The cells with condensed and fragmented nuclei were regarded as apoptotic cells. As observed from the graph, MECD induced significant nuclear condensation in a dose dependent manner depicting the induction of apoptosis in PC3 cells. Fluorescent photomicrographs ([Fig. 6](#fig6){ref-type="fig"}) of PC3 cells stained with DCFH-DA clearly depict the effect of MECD-induced intracellular ROS activity level. The photomicrographs and the graph of percent DCF-fluorescence suggest that MECD elevated the significant ROS activity level and fluorescence intensity in a dose dependent manner as compared to control in PC3 cells treated with MECD. It indicates that increased ROS activity level in PC3 cells is involved in the induction of apoptosis through various pathways.Fig. 4**(A)** Morphological view of live and dead cells, and **(B)** Percent cytotoxicity of PC3 cells treated with different concentrations (0--100 μg/ml) of methanolic extract of *C. dichotoma* leaves, MECD as measured by MTT assay at 24 h.Fig. 4Fig. 5(**A**) Apoptosis (chromatin condensation) showing fragmented and condensed nuclei, and (**B**) percent apoptotic cells (chromatin condensation), of PC3 cells treated with different concentrations of methanolic extract of *C. dichotoma* leaves, MECD (0--75 μg/ml) as measured by DAPI staining at 12 h.Fig. 5Fig. 6(**A**) Intracellular ROS activity level, and (**B**) Percent DCF-fluorescence, in PC3 cells treated with different concentrations of methanolic extract of *C. dichotoma* leaves, MECD (0--75 μg/ml) as measured by DCFH-DA staining at 12 h.Fig. 6

\[The values in all the figures were expressed as mean ± SD (*n* = 3). \* indicates p \< 0.001 as compared with control group (0 μg/ml)\].

4. Discussion {#sec4}
=============

Cancer is one of the leading causes of death.[@bib3] Prostate cancer is the most often diagnosed cancer and the second foremost cause of cancer death in Western males, the progression of which may be a consequence of defect in apoptotic machinery.[@bib31] Thus, the agents who can modulate apoptosis in PC3 cells may be valuable in the therapy of prostate cancer. Hence, there is a need to develop agents for the therapy of prostate cancer. Phyto-chemicals are playing an important role nowadays to cure various ailments and have been demonstrated significant potential as anticancer therapeutic agents without any side effects.[@bib32] Hence, anticancer activity of the methanolic extract of *C. dichotoma* leaves (MECD) along with apoptotic machinery has been evaluated here against PC3 cell lines. Also, it was not evaluated for toxicity concern on normal cell line as MECD has shown *in vitro* antioxidant activity in the present study and phyto-chemicals have been demonstrated significant potential as anticancer therapeutic agents without any side effects.[@bib32] Phenolics and flavonoids are well-known to have anticancer activity on various cancer cell lines and induce apoptosis.[@bib16] Methanolic extract of *C. dichotoma* leaves contain steroid, carbohydrate, alkaloid, saponins, cardiac glycosides, flavonoids and phenolics.[@bib18] Results of the study demonstrated that total flavonoid content in MECD was 160 mg QE/g dried extract. All these findings prompted us to explore *C. dichotoma* as a new potential antioxidant and anticancer agent.

Flavonoids (phenolics) are potent antioxidants and free radical scavengers.[@bib33] The MECD contains flavonoids (phenolics).[@bib18] Results of the study demonstrated that MECD possesses natural flavonoids about 160 mg QE/g dried extract and possesses antioxidant activity too. Hence, non-purified flavonoids (phenolics) present in MECD may be responsible for the antioxidant activity of the extract and can prevent carcinogenesis by its antioxidant action which scavenges the ROS. Results of the study also demonstrated that among all, the lowest IC~50~ value for the scavenging by MECD was found to be 38 μg/ml in ABTS^•+^ scavenging assay while second lowest 82 μg/ml in ^•^OH radical scavenging assay. The guidelines of American National Cancer Institute set the activity limit for crude extracts at 50% inhibition (IC~50~) of proliferation of less than 30 μg/ml after the exposure time of 72 h i.e., IC~50~ may be upto 100 μg/ml after the exposure time of 24 h.[@bib34] Hence, keeping in mind that IC~50~ in MTT assay may be near to lowest value and the guidelines of American National Cancer Institute, concentrations of 0--100 μg/ml of MECD were chosen for the treatment of PC3 cell lines.

MTT assay for cytotoxicity in PC3 cells demonstrated the anticancer effect of extract MECD in prostate carcinoma, PC3 cell line. Significant cell death was also observed which was characterized by surface detachment, cellular shrinkage and deformation of cell bodies at higher concentrations. From the sigmoidal curve obtained, IC~50~ value was found to be 74.5 μg/ml of the extract MECD ([Fig. 4](#fig4){ref-type="fig"}). MECD induced nuclear apoptosis observed by using fluorescent DAPI staining. It also induced significant nuclear condensation in a dose dependent manner depicting the induction of apoptosis in PC3 cells ([Fig. 5](#fig5){ref-type="fig"}). It elevated the significant ROS activity level and fluorescence intensity in a dose dependent manner as compared to control in PC3 cells treated with MECD ([Fig. 6](#fig6){ref-type="fig"}). The experiments conducted here for the qualitative and quantitative analysis of ROS production suggest that MECD induced increased ROS activity level in PC3 cells and is involved in the induction of apoptosis through various pathways.[@bib13] Results of the MTT assay suggested that the treatment of MECD significantly increases cytotoxicity of cancer cell line in a dose dependent manner.

Flavonoids (phenolics) are known to have anticarcinogenic or anticancer properties and induce apoptosis in various cancer cell lines due to their pro-oxidant property.[@bib7], [@bib8] The MECD contains flavonoids (phenolics).[@bib18] Results of the study demonstrated that MECD possesses natural flavonoids about 160 mg QE/g dried extract too. Hence, non-purified flavonoids (phenolics) present in MECD may be responsible for the anticancer activity of the extract.

5. Conclusion {#sec5}
=============

MECD contains flavonoid in a quantity of 160 mg QE/g extract. It possesses anticancer activity and leads to PC3 cell death via induction of apoptosis mediated through excessive ROS generation. It possesses antioxidant property also and can prevent carcinogenesis by its scavenging action and reducing oxidative stress. Hence, the extract MECD may be an important cancer chemopreventive or chemotherapeutic agent for prostate cancer due its promising activity and may be considered for further studies in drug development.
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